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DgRODUCTIOi 


Tk*  fol moving  text  represents  a  suoaery  of  the  work 
perforaed  in  Project  1190-18  at  the  University  of  Oklahooa 
kaaeareb  Institute  under  Contract  AP  34(601) -5233PA  for  tba 
Oklehora  City  Air  Materiel  Area.  The  report  is  entitled: 
Afin'>  of  Cure  Date  Iteas  and  Various  BUatoaaric  Ccepounds. 

The  report  ia  divided  into  eleven  separate  sections, 
’’.eeh  section  describes  a  particular  phase  of  the  entire 
probleii  that  was  studied  and  evaluated.  Conclusions  have 
been  aade  wherever  possible. 
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Corrclationii  B«tveen  Matur«l  and  Aecelarattd 
Aging  and  Mechanical  Propertloa 
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.  ■  ■  Aa  •xttntive  littraturt  iMtcli  bts  b«*n  carrlad  out  in  order  to 
obUln  IhforMtloo  reUtlvt  to  tb«  nlr  o*  nttriU;  i^btr.  It 

MS  deslrod  to  obtain  a  corraUtlon  batwaan  dagr^ttoa  (aging)  and  a 

ponding  rha'figa  in  anginaaring  propartiaa.  Rasalta  of  tasting 
prograM  indicate  that  tensile  strength  and  nodulus  nay  increase, 
dacraaaa,  or  rantin  easantially  tmehangad  vhila  ultiMta  elongation 
dacraaaas  daring  aging  for  all  types  of  rubber.  The  elongation  dacraaaa 
saaon  to  vary  regularly  with  tiM,  thus  enabling  extrapolation  of  high 
taa^rature  tests  to  roon  tanparature  shelf  aging  in  soaa  cases. 

Air  Oven  Method 

TasU  have  bean  conducted  to  dataradna  the  bast  netbod  of 
accelerated  high  tas^ratura  aging:  the  air  oven,  oxygen  boab,  and  air 
bo^  Mrs  coaled.  the  air  oven  nathod  gave  w>ra  reproducible 
and  Mifom  rasnlts  than  the  oxygen  and  air  boob  nathod.  Work  discuaaed 
in  this  report  ms  parfomad  by  the  air  oven  Mtbod. 

8oM  difficulty  arises  in  the  air  oven  nathod  because  of  the 
loosely  defined  operating  conditions.  One  particular  and  vary  signifi¬ 
cant  variable  is  air  circuUtion.  If  correlation  of  dau  from  different 
Uboratorias  is  desired  the  anount  of  air  circulation  aust  be  controlled 
aery  precisely.  A  eethod  that  seeM  to  inprove  the  air  oven  technique 
is  the  test  tube  nathod,  uhere  sanples  are  placed  in  a  sealed  test 

tube  and  inserted  In  the  air  oven. 

Pisenssion 

The  pl^ical  changes  in  nitrile  rubber  vnlcanisates  that  occur 
betMon  150*C  and  reon  toegerature  seen  to  be  the  sene  and  have  an 
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•etlvitlim  WIT  ®«  I9,00«t  2000  ttor^or®,  Mitrap- 

oUtlon  £ro«  klgh  t«^r«tarM  to  roo«  t«rM«tor«  ohMOd  U  poraloilblo. 
tot  «tr^Utlo«  !•  po..lbU  ocXy  If:  D  •eeoX.r.t«l  agmi  t«n<«r.tiMro 
and  Mrrlco  Coav^^atiiro  aro  in  tba  range  of  the  degradation  ■ach¬ 
aean.  that  la,  degradation  vnrlaa  with  tl«  In  a  rageUr  way;  and.  2) 
tka  taig>oratura  dayandanca  of  tha  raie-llnitlng  raaetion  for  tha  apaclflc 
rubbar  la  kiunm;  that  la,  tha  actual  rata  that  tha  phyalcal  propartiaa 
vary  ulth  tim-  aone  aivltlcal  aquation  to  raUta  tine  with  taaparatura. 

Juva  and  Schoch  have  nade  axtanalve  taata  on  aging  of  nitrile  and 
other  typaa  of  rubbar  In  the  firat  and  aecond  publlcatlona 

taata  wara  reported  at  teaperaturea  of  121®C,  100®C,  70®C,  25  C  and  an 
activation  energy  calculated.  Tha  data  »aa  aoiKwhat  Inconpleta  and 
acatterad  but  a  linear  correlation  uaa  ahoun  when  tha  reciprocal 
ahaaUta  taaperature  waa  plotted  veraua  In  (tl«)  at  a  conatant  loaa  of 
elaagatlon.  Hanca.  eatrapolatloo  to  roon  taaperature  waa  poaalbla. 


Thla  la  ahovn  la  figure  I 


During  tha  aaao  period  a  12  year  taatlng  prograa  waa  being  carried 


ahc  In  the  Oaltad  Statea  (75®f)  and  In  Liberia  (85®lr) 


teat  are  ahovn  In  Table  X  and  the  dau  plotted  In  figure  2. 


X  lO^  (R  6C  I  p  (?  OC  AL  °K) 


FIGURE  I 
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'  Liaapr  tartiUtUm  U  paMikla  yUl4*  •  33*^'^  d«er«a»«  in  tloait* 
tioa  ijD  12  yMTf.  nu  Amcm««  1b  •loBtHU*  !•  In  «»«t 

tp^lientloM.  •■'“• 

HMidnl  tt  al.  of  cht  ■ntloBBl  •BtoOB  of  sundordi  Badt  r«« 
and  kl|^  taBporntnro  toata  Indapondaatly  and  alao  uaod  tka 
data  fcoB  tka  taat  pravlously  aantionad  and  atta^tad  to  aatrapoUta 
to  rooB  taavaratura.  It  la  la^rtant  to  nota  that  dlffarant  raeipaa 

vara  naad. 


tMLE  IX 


jBva  aod  Sdnieh 

Eycar  OR* IS 

Zina  Onlda 
ttaarle  Acid 

Sulfur 

EaBsothlaiyUlanlfido 

SEP  Hack 

PlaacleUar  SO 

TO 

100  parta 
5 

1 

1.5 

1.5 

75 

15 

15 

Maadal  at  al. 

lUrlla  Edkbar 

Zinc  Oalda 

Stoaric  Acid 

Snlfar 

100  parta 
5 

1.0 

1.5 

BaBsotkUzyUlaulfldo  IJ? 

Oaa  rumaaa  Hack  ^ 

Mai^l  fowd  that  tha  a<|uotloo  l  -  -  kt'  aatlafactorlly 

raptaaantod  tka  bahavior  of  nitrlla  rubber.  E  U  tha  alontatioo  altar 
aging,  E  aod  k  ara  conatanta  lor  a  apacific  typa  rubber,  and  t  tka 
tl.a  in  Lya.  Iha  ckan*.  ^  olongatlon,  1  -  E*,  la  plotted  vltb  taapact 
to  t^  at  aaak  taat  tanforatura  (E*  la  tka  initial  elongatioo).  Ika 
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»ta.  .f  k  «-  »,  “•  «  tt.  .If.  •-  o***-'^ 

u,„«^  If-M  •« 

.bf.  -1.  nr«  3.  CffUtlf  3-  - 

piopcf  b,  M.od.l-i.  .I»«  U  fl|«.  *• 

».i«.  .t  b  -«“•*  “* 

lUt«4  in  T*bl«  ni. 

111 


Htndnl 


23 

25  .  2.76  34  ».• 

70  47  45  n.4 

100  75  5  7  21.1 

121  154  7Q  33.0 

85  76.2 

100  1I0.6 

U  »f«  tb.t  .  lUfr  f  k.  •»“»“*• 

- hmJaI**  in  la  OlTMi 

jb.  — ii-«  »“**"■  *^**““ 

„r-,- _ _  virt  tb.  «di  3«.  «*  »•»•<*  “*  "»•  •tt-ti'Mr 

^  ^  ff.x.ur.  f  -t  ^  .«*‘**-  «- 

«»,;  «-*.i  tb..  br  «tf  rt.  .If.  -tw  tb.  Mif 

.ta.  tor  -.t  rtotoV  Cfl-to  f  f  to  »•  >«*•.  »«* 

.bto  tb.  k  *-  ».  «“•  “Hr*— »» 

tjf  riibbtf. 


piU 

».  to«  to  nltrll.  tokk"  Hto.  tor.  ftotoUto. 

to.  tb.  .«  ..t.  ..  to«  to  tot  totto.  H-tol..«atoto 


[time]  (days) 


(days) 


(reciprocal  “K) 


II 


of  vurUtlMk  of  k  with  l/T  smm  Co  bt  eouitCtnt  «ad 

•  •  •  *’,****'*  '  *  •  •  * 

fiprosmto  0  aoro  squod  offrofdi  thoo  tkot  of  Jwo  and  leboch. 

PigHT*  l  ihoop  the  OBoIyoU  of  doU  oitb  tho  oquotion,  1  -  -  kt  . 

IV  trioaglt  poioto  rofrooent  coleulotcd  data  with  an  alongatlon  daeraaaa 
•f  33.^  airi  elM  clrelaa  a  daeraaaa  of  14X.  Tba  valuaa  for  alongation 
doeraaaa  ava.takan  froa  tka  12  yaar  In  alCu  taac  dlscuaatd  aarllar. 
toiata.  on  tho  f Igara  vara  ploCCad  froa  ealculaclooa  atlliaini  datarainad 
•  k-wiuaa-a^  a  33.4  and  141  alongaclea  daeraaaa  at  a  particular  toap- 
omtuxa^  ‘  BoMuaa  of  the  iiaitad  axtant  of  dau  availabla  it  vaa 
poaaihla  to  drfv .  aavaxnl  linaa  through  tba  data  poiata.  The  data  at 

2S^  uaa  ealiulatdd  Itm  abort  tlau  taata  and  axtrapolatad.  A  lino 

•  * 

•  •  •  * 

VtiTf^lfi  kha  .^our  calculated  pointa  coaaa  fairly  cloaa  to  the  Moaurad 

«  ^ 

Mluoa  (tlM.TO^e  fotat  aaaua  bad  in  both  eaati)»  but  ualng  ouly  the 

•  •  ,4  '  *  .  ■  . 

btilt  tiNpattCMCa'  point  raaulta  in  groaa  error.  A  prodictad  value  for 

*•••**/ 

IM  daecoMa  to  oleiipatlan  la  1.4  yaara  (4  yoara  aetoal)  and  for  a  33.4X 
dneraaa^—  U«S  yujura  (U  yaara  actual). 

It  la  ai'inearaai  to  note  that  alongatlon  la  not  a  linear  function 
la  tba  early  atapaa'aC  datarloratian  (Plgura  2).  A  alallar  trand  vaa 
CbMrvad  in  praliiiinaiy  taita  nada  at  OCAMA.  Tba  taata  vara  dU- 
eantinaad  after  -91  dqya  but  tba  noifllnaar  portion  of  tba  enrva  la 
avldant  and. the  eorralattan  la  abaun  in  rigura  7. 


(>i  O  *1 V  ^  0 'd  <}  ‘  ^  3  ^  ^ 


et  ONGATtO/V  ^PEffCENTj 


Z  iO 

200 

ISO- 

|70-- 

fG  0-^ 

(5ol - ► 

0 
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la  TabU  It  Wluaa  «•  givaa  for  I  (inltUl  aloimatloo)  aai!  .  • 

(2,5) 

•t  difftraat  taapMatart*  fro*  two  difftrant  a*pari»aota  ,  ’  •  V 

CM  be  aaeo  tba  value  of  -  1*  foaa  fro.  poaltlve  at  low  tenparaturM 

to  oai^tive  at  blgb  taa^aratures .  tba  ralatlva  tl^  durattoo  of  tba. 

aftar-vulcaniratlon  affect  i.  probably  «-ieb  ahortar  at  bllb  ^ratura ' 

tten  at  loM  teifarature.  Ilur  ,  If  two  la^plaa  of  the  .a«>  robber  verb 

«8«|  at  dM««tent  for  a  sbort  tl*e,  tba  aftar-yulcianlratlon 

affect  could  attll  be  praient  In  tba  low  taaparature  agtog  whareaa  It 

would  have  been  cooplatad  in  tba  blgb  taoparatura  teat . 

Xo  figure  8  an  attest  baa  bean  oado  to  graphically  axpUln  tba  ‘  . 

variation  of  I  wltb  I*,  farcent  elon^tlon  la  plotted  acbauatlcally 
o  . 

at  two  tUBporaturaa  aa  a  function  of  tii*  on  different  tlua  acalaa  for 

a  given  loaa  of  alout^tioa.  gtralgbt  llnaa  are  fitted  to  tba  daU.  Kota 

that  tba  low  taavaratura  dau  will  give  an  axtrapoUtad  valua  of  at 
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Cl»  M»  ttat  U  g.«t.r  thu  I*  At  U,l«  t-^«t»..  tb.  »tr.^ 
cuud  -I-  .f  I,  u  l»»t  tl-n  »*.  »»  tb.  «l».  •!  I.  •A'  “ 
tautlou  of  tbo  oltot-KolcoiilMtloa  offoct  M  voll  00  to^Mturo  tnd 

eoapoticloo. 
tutMM  Work 

to  *11  tbo  0J*0ttat0«0l  40.olor.to4  otto(  toot.  tb.  flrot  dour- 
.tootlOD  |ovo  0  «ib.t«.tUl  loo.  to  olooiotloo.  It  1.  pro»o.«l  to 
—1..  toot!  ot  bi»b  toi*ototiitoo,to  order  to  •oooort  el^illlooot  cboo(ot 

to  otot^tto.  to  ehort  lotertol.  of  ttoe.  for  IM*® 

.V-  i/ooiMt-iMb  avcrv  3-4  hour*  »ni  •t  ®  lnt«rv*li 
tb»  •loo®itloo  tvery  j 

of  I  -  2  bourt. 

Tbo  r  to  crooe-ltokto*  to  the  oo^loe  "oold  bo  obocbed  br 
noUtot  toot,  to  dotoneto.  boo  tb.  oroee-ltoktoi  ob.o»»l  oltb  tb. 

Ut.r.«tto-dMtlo.  offoct/  tb. -o*i«, 

ot  oocb  totorroi  to  iotoroto.  boo  -Kb  of  tb.  froi  .«U«  l« 
tofrorod  oboor^tlto  epoctr.  «uld  p...lbl,>dtco..  cl-o...  ^  cbe- 

icdl  'troopo  ^booot  •"< 

U  ^  rft..--a«-,ltotloo  offoct  coold  b^ 

otod,  -rt.ropou.loo  of  >l«A  tcopototur.  ..c,l.r-.-l  .|to(  dot. 
to  obelf  0*10*  tco-crotorio  oooM  be  «t.  r.lublo  tbo.  ot^  t^ 
tl*i.  . 


fiCTzai  II 


Vapor  PbM«  Svtlilnt 
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ta^goduetloo 

to  «<«  t,  .t«4y  tb.  ».Ulb.  of  «»*”*' 

.t  «.m»t «  •  0*  ”  '**'**'  »"•*“•■ 

Dm  •iwougo  of  ebl.  MctaKiM  ovor  th.  k)M  eo»>i>  t.ctolqoeo  !•  tb* 
«Utn,  «n  b.  -bl.  -Itbout  tb.  o.«..ltr  of  l-«.U, 

.to  .<^U  in  ‘bo  -‘“n* 

.oiobl.  -urUl.  f.0.  tb.  rubtor  but  pot-lt.  »*‘‘‘"* 

oolo...  -poo  P‘00—  •*  .  . 

t.  ubtcb  tb.  l-.t.too  ..Cbolquo.  or.  lUlt-. 


to.  to*Ul-  —  oppototu.  iool.-  for  ‘bio  toobul,.,  U 
to  Pi-O  ».  tub.  b  1.  -.Vlnob  ttot  ..to,.i.t-.«b  b:U/bO  r 
C  i.  ubtcb  to.  .  o-U  gu..  btob,  b.  .at-  to  ‘b.>0U.>f  tb.  top. 
*  gUo.  inoott  1  10— P-*-  ^  “*^  o*  •  =• 

.to  to*  S.  tto  I*.,  f-t^-  o'  i-o«>«  f  i;,  “ 

to.  tooU.  »d  U  c<-»ut.lr  ..“I— «4  bp^o  «.Utog  11.14.  n.  tto 
tobtor  .-,10. i.  1.  ototo-od  b,  of  i  -Ito.-t.  Ob- 

«.  to.  «  0.  b.1*  bo*  t.  ‘bo  -or.  1.  —‘04  into  ‘bo.-«U. 

to,  ftoW  troppod  ol‘  poou-ito  ‘bi  'lo“  r““ 

to  *0  totott  c«.t.tolH  tbo  ‘*bor  Mtot...  to  PX.UOO.  tto  to..r.  ' 

fr-  fl—g  -  tbo  fluid  1.04  ‘Oiur.  ....  pucod  or—  ‘b. -ot- •« 
.to  1...“.  boob.  S  .*  0*  POO—  tbo 

to.«  ,...10.  of  to.  Ot-  «d  con  loP  b.  -o*  >  b-pond  oddlt—l 
totgbt.  If  *•  “ 
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FIGURE  9 


noDlFlFD  tube 

S  WE  tL  ING  A  P  P  A  R aT  US 
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U  ,UUU1^  »«««  “ 

.^.C«.  uu,.  .. 

. . .  b.1-  — •“'«••  *” '“ 

.l«au-.o«-ly  ky  .upportUf  .u  .«ch  tube.  In  the  w-e  cowUnt  t-*.r 
ature  betb. 

ft.  «.Ul.,  fl»W  -0  “* 

^..n.  .«  .hlc*  ..«l  ^  ••  • 

-^rcxft.t.1,  30  -..  •«  -ryin.  c«.c.ntr«i». 

of  tble  elxture  we.  pUced  In  eech  tube. 

Procedure 

^  ft.  «««..  c-o.«.«-  ‘•‘X  - 

Afur  .,.lltor.tl..  f.r  ..«»l  *“'■  ”•  ““ 

ft.  0.i.Vlr  cr.«««..0  Ut,  . 

<  c  —  in  rko  iwelllot  fluid  we. 

^  «1|M.  Ita  c<«.«r.U<»  .*  !>«■>«"• 

^«»i«4  b,  .  -«»««.  »  ft.  -i.c«.r.O  th.t 

.ftd-0  .  ft«l,  cft.-.C  ..lost  .UbU  3  or  3  bftC,  .. 

.  .ft.o«a  -d.  «•  1“'  ““•* 


day.. 


Beeulta 


^UU.  i..tb.».  «» 

ft.  ftfti..  W.0  1« 

l  -  X  *  -  X  >  -  *'*"■ 

1^.1..  of  ft  «-  •P-"  «*“•  >"  “• 

..  20®  ead  30®C  ere  .howo. 

..  uhftre  leotbera.  *t  10  •  *''  »  •**“ 
in  Pifure.  10  end  U,  where 


o 


RESS Jft 
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Xa  Pisul«  10  wliltt  lacttaw,  (^/()100,  l»  plotttO  var* 

.t  ut««lo.  -»«  »»«•«•.  <»/».>»'>«•  *• 

»l,kt  IwrM..,  (W/I0l00,.l.  pl«««l  «»»•  "»•'  ol  !««•-. 

U  otd«  to  lllii.tr.to  tk.  «l«ut.t.  of  tk.  t..t  tnk. 

.tkod  o»«  tk.  l*.r.lo.  t.tki.1,...,  .U  robktt  Mi*lM  0*  tk.  typo 
M«l  in  tk.  W.1U.I  d.t.nda.tlot>»  «r.  l-.r.»l  U  k.«.«i.  nkltk  M. 
— to  «  «elM.d  t.k.  to  ptovont  ovopotwloo  Md  .Uoi>.0  to 

.«ll  fro.  2  to  in  kooro.  At  .  p>»rr««.d  tl-  tk.  .«^U  «- 

Mvod  fro  tk.  .olv«it  wd  .voctod  uodor  t»l.o.d  prootot.  In  . 

«c»-  dMlcwtor  «tll  .  c«-t«t  rooldo.  «likt  ...  oktolMd.  Tk. 
«l,kt  p«.«.t  of  tk.  .-pi.  dl.«.lv.d  b,  tk.  ..ly«it  «.  -loiUtod 
kp  dlvldnt  tk.  t..ldiio  .ol»kt  kjr  tk.  otifUdl  —.pi.  —lOkt.  «  tk. 

tl-  u-k.r  —1.  «.  .-P"*"'  ‘y”  »“• 

n.  ktr _ -.p«r.  -t.  .k.ork«l  kp  tk.  .-*1.  -til  tk.  — U  k- 

t, _ ..tuot-,  .t  -ick  tl-  tk.  v.por.  rood.—  -  tk.  .urf.c.  ol 

rt.  .-*1.  »d  drlpp-  ktdi  Uto  tk.  U-ld  ..l.»t  pr—cHi.  .  .Ulkt 


iMchlni  •iftct. 

I.  tk.  tnkM  c—ums  tk.  1-or.od  —10.  tk.  —1.  k..-. 
-tu...-  .Itk  «l-.t  .Itkl.  tk.  llr.t  t.o  boor.  (B-  tl-  r-.lr.d  for 

-«r.tl-  k-  k-o  d.t.r.d»d  1.  .  pr.vlo-  .-r*—)- 

tk.  -*1.  tolk.  tkl.  tl-  .od  .PP-t.^  to  koc-o 

^tf-lot-t  .Itor  t-  —1.  koc-.  -t-t-.  >— «'• 

poro-t  .1  tk.  — 1.  k-  k.-  dl...l.-  ot  tk.  »d  of  «.  1—.  «d 

-r.  tk-  t-  p.....t  k-  k.»  dlotolv-  ot  tk.  -4  .1  22  I—..  - 

tk.  .tk.r  k»d  tk.  ..-1.  .-P~“ 

.Itk  .ol-ot  .Itkl.  72  k-r.  k«  ot  tk.  .od  of  120  k.«.  k-  l-t  l«. 
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tk..  <».  pveot  .1  It.  Mlfkc  im  t.  tM«lti  •«  *W 

•uwlxtd  in  Tnklt  V. 


tOLI  V 


XaltUl 

8«fU 

0.8350 

0.8129 

0.8047 

0.8456 

0.7983 

0.8713 

0.7520 

Unls^t  of 
So^U 
DUoolvod 
Ccraa*) 

Ty»o  of 
Solvoat 
bpoours 

TiM  of 
Solvooc 
Sxposuro 

PortoBt 

of 

SMflO 

DUtolutd 

0.0425 

0.0729 

0.0857 

0.0827 

0.0809 

0.0872 

0.0062 

iMoroion 
iMcrsion 
iMsroion 
iHMrsiM 
XnMts  ion 
iMsrsioo 
Susponsion 

2.0 

7.5 

22.5 

46.5 

67.0 

iie.o 

120.0 

5.09 

8.97 

10.65 

9.78 

10.13 

10.01 

0.82 

Vaaor  Svallli^ 

Studios 

fifW  mUli«  .ttidlM  «.M  MoJiKt..  00  too  kwM  tjH  nibk.r. 
(■-MM-t  «to.  eootl».Ul  RoMwt  »ork.  i»-M2-S0  txm  Stllta.* 

UM«  Caw)  «*  <»•  •*»«>“  *•  “•  * 

tta  •«  I"**  0*  “•*"*  »'»f 


r^bnr  ud  it*  Mcllint  bnhnvior. 

Xk,  IJ..t  pfc«.  «<  eku  .t«ly  imolooi  tk.  ..t.»lo.tlo.  of  tk. 

.w..y.  lo  tk.  nolllok  .kiuty  of  .  .mtU  »lth  prolootoO 

«ij«or.  to -04«.t.ly  M|h  t-p.r.t«...  Tk.  rukkot  «.»l.o -» 

k«tal  1.  .  Jtyl,  ov«  fo.  tk.  d«lr.d  l»,U  of  tl»,  .-o»«l  ««. 
tk.  ow>  ud  to  c«il  to  too.  t«p.«tur.  ov.tol,ht.  Tk. 

MopU.  ««  tk«  »l*k.d,  w.U.d  Id  tk.  -dUlod  tMt  tob.  4?.r.t» 
f„  .U  d«T.  .t  10*C  ud  .»r«.l»t.lj  65.6  >  .»  bo»»»  «»“ 

(««.l  tM«  Pt.M«.  .f  baa...  .t  M*e  1.  75.1  «6  t-llM 

to  d.t.i.10.  tk.  -o«t  of  OMOt  okootkod  by  tk.  nd.b.t. 
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Dm  rtittlu  of  ooo  otody  oolog  all.  throe  tyfoa  of  mhhor  oro  glvoa 
la  Fit^to  L2|  ohoro  cho  porconUgo  ehaogo  In  oooplo  volght  4m  to 
•Mlllng  [VhAOIOoJ  li  plotted  mx»m  aging  tlM  In  dapa.  Tha 

aa^plaa  wore  heated  in  air  at  70*^0. 

Tha  aurvoa  for  all  throe  typoa  of  rubber  abov  a  fairly  rapid 
dacraaaa  in  availing  ability  during  tha  first  tvo  vaaka  follovad  by  a 

linear  dacraaaa  for  longer  periods. 

Of  ths  tvo  g4ina>M  rubbers  the  SR-822-60  exhibits  the  graataat 
stability  against  aging,  vbile  tha  silicone  rubber  is  tha  eost  stable 
of  tha  three.  Bovevsr,  tha  curvea  for  the  tvo  Buna*l  rubbers  have 
negative  slopes  in  tha  linear  portions  of  tha  curves  vharaas  tha  linear 
portion  of  curve  for  tha  silicone  rubber  seana  to  sbov  a  very  sli^t 
positive  slope,  Indicating  that  its  availing  ability  inprovas  vlth 

tl«s.  Thla  vould  in  turn  indicate  a  softening  of  the  rubber  due 
to  chaaiGal  changas  occurring  in  the  rubber  dr  to  breaking  of  cross- 
links  in  the  mhhor.  . 

In  order  to  dateruiee  tha  dependence  of  availing  ability  of  rubber 
sables  vith  aging  teiveratura,  fl-822-bO  rubber  aaaglea  vera  heated  in 
air  at  70®C  and  50*C.  After  aging  for  a  specified  tim  the  sauplas 
varo  raaovud  irm  the  ovens  and  smiled  in  the  uannar  described  above. 
Figures  13  and  14  shov  the  results  of  these  tests.  Figpura  13  is  the 
curve  for  sauplas  agdd  at  70^C  and  Figure  14  is  the  curve  for  sauplaa 
aged  at  .50^C. 

IxaHinatien  of  the  curvea  shove  that  the  rapid  decrease  in  suell- 
ing  ability  during,  the  first  tvo  veeka  is  absent,  levever,  ceuparisou 


FIGURE  12 


aging  time  (days) 


2B  . 

•f  tkt  liMtf  fortiM  «£  tki  ia-t22-60  oirv*  in  flpnm  U  wltk  tte  onnn 
U  flfwn  IS  ntaw  bodi  atn—  btnn  tl»  mb*  nlofn.  tbn  only 
ilfforonoo  fcomm  tiM  enroM  In  f ipirno  IS  «n4  U  in  thn  noro  frn4nnl 
•lofn  U  n«ffo  14.  fklM  U  to  W  osyoeto4  oincn  cha  nbWr  ohoitU  agn 
nt  n  flonar  rnto  nten  thn  aglne  tooforntnro  U  doeroonoi. 

If  ono  nofloetn  tho  first  portion  of  thn  cntvoo  in  Fiforo  12  and 
m* idoro  only  tko  Unaat  portion,  tha  enroon  in  fi#ffaa  12,  IS,  and  14 
oiprannod  by  dm  nothmmtif  I  fomnln  for  a  otraiibt  lino, 

y  ■  ■‘d  b 

«boro  n  U  tha  alopa,  b  la  tha  yintareapt,  ^  in  tha  aping  tina  in 
diva  and  2  la  dm  paraantnga  mi^  iwcraaaa  dna  to  availing. 

•inao  tha  alopa  of  dm  cncva  dapanda  on  tha  aging  tanparatvra  tha 

•lopa.  f,  baeoMo  dm  aging  factor. 

Salvlag  agnation  (1)  for  n  givoat 

-  ,  ULh  CS) 

•bidi  oan  aUa  bo  vritton. 


dmca  UV/IOq  i»  tba  parnanray  vaight  iaeraoaa  at  aara  aging  tina  and 

la  dm  aging  tlna  U  ^ 

tbn  enrva  viU  •mrally  haw  a  nagntiva  alopa. 

Twt  a  glwn  rnbbor  aanpU  tha  aloH*  •»  ^  dapondont  on  tha  aging 
tanparaura  and  tha  aging  atability  of  tha  rabbar  vhich  ahonld  ba  a 

aanatant  far  aaoh  typa  af  n*bar.  fbarafara,  U  can  ba  naavnad  that  n 


I  frs-ie 

e  •  «  o 


2f 


•mmUU  9i  two  factMrtf  Um  «gUg  tf  ■ri>«rt  fMttr  T,  aad  «  eoMUat, 
j|,  i4ddi  «•  mU  tte  tublllty  fwiatat  •£  tlM  nkku,  Ito 
tMvwrttvrt  Uctm,X,  i»  mU  iuUU  •£  cte  f^tratw  kMMta  tkt 
(Mptruart  fMetloMl  fUCiaartly  U  aot  Iomw. 

(D  «iA  tkm  U  •rittto. 


[w/IO  -  (W/V),)]  too 

*D 


«  ttdT  Imm  bMB  d^tfinad  for  om  typo  of  robbor  cho  mmU- 
lag  abillcgr  of  thla  mbbor  «t  aap  «gin|  toiforotiiro  rod  tlM  can  bo 
dtoMinod  olaplj  bjr  dotonriniog  (PKAOq* 


It  is  fosslblo  that  tba  mbbor  aqr  boeow  ao  brittio  if  tJio  agli« 


OBtioMod  for  a  anffielOBtlj  Ioh  aao«i|^  tim  that  it  dooa  not  sooll 


AO 


to  aoro  . 


r,  thoro  ia  ao  ovidanea  to  tndicato  that 
ootoolljr  happooa.  At  a^r  rata  tho  porcont  avoUiat  doeroaao 
I  a  point  ia  roaohod  lAoro  cotlnuad  agii«  vill  oot  offset  tho 
ooalliai  proportioa  of  tho  mbbor.  At  this  point  tho  aXopo  gooa  to 


aoro. 


so 


Ihi  mU  U  thM«  fCniiM  kM  Um  dMcrlk«4  U  d*Ull 

<•>  ISMtUlly.  tk.  H*c-t  -.U  (lOOll/IO  d  tk.  n*k« 
M^u  u  mumtU  M  t  f^ctl^  d  tkt  r^Utltw  ^•for 

i<  Ck*  MMlllat  Mliraat. 

Tkt  r«Mleiat  4»U  OM  U  flott«4  ky  diffttant  Mtkdf.  »• 

•lir^Uat  Mtkd  i»  «kw»  U  Tiw^  15. 


p/p,  (relative  vapor  pressure) 


u„,  tte  tl«  nkUt  Mi»u  U  fUtt^  tb. 

„uti».  vtr*  r*-*— 

UM  -Ib04  ti  M-ttlw  u  a»  <k«t>  to  tto  «.»toi  ulth 

.  rtni#*  Ito.  ««  to  Vtotoeto  br  fltotto,  tto  -toll  •* 

»  ,pi  Mi*U  (to  totoUrt  »/f,>  •••tott  «to  tto.  rf  •«tof.  thU 

n^af  InMklf  U  skam  !•  Tig^  15. 


Ifttof  MtM  la  Moaitlva  to  tk« 


Ui 

3  3 

•5.^ 

<1  ^ 

o  y 

**  QC 

UI 


figure  lb 


constant  p/^ 

A€1H6  tmE 


tiM  oC  tte  lias  u  flvM  by 

lOQtfl/W  •  te  4-  « 

Itan  k  U  «hi  raw  ooaifc«*  eoMUnt  t«F- 

«MM,  t  u  tfc*  .f  HUt  «4  C  U  tka  »«  • 

•M-«aa  Mvto  •«  »/»,•  ^  *• 

ths  taapawtaw  at  lAl^  th*  Mipla  *•• 

vkacai  T  1»  tl»  tfaritiirTi  AV  U  tha  liaat  af  actlfatlan  for 

tt,  ..tai  i«««.  ‘ 

mtlM.  1»  ••  •  l***“  wUtmuMy  oiau  »•»»•••  U«  !> 

mdin.  Itai  k  «»»•“•*  “  “•  •*  •*  “• 

nMu  MVU  U  in.  •»  •*•  -taw  of  k  «.  taM*.  tt  hllPoi  t«»ttot«too 
n«i  tko  »«o  U  tl»  iooUtai  »«0|0ttr  ot  tfc.  t.i*orot«ro  of  outog.  om 

„  o.  «.  tl»  t  ft-  «|o«tto«  W-  »f  tw  <«• 
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vitk  Cki  «ockii«  U  tiM  raMtr,  tkt  lift  caa  bt 


t  furtiTTi  Ilf  ri^f  "* 

Hm  malUng  iMChtna  •t  rabbar  O^riagt  aad  ahaat  nibbar  ara 
abavn  ia  fl«aaa  17,  II,  aai  19  for  both  a|al  aad  aoa>a|ad  aaaplaa. 

aaa  aaal  aa  tba  aolvaat.  It  la  arllaat  that  a  laeraaaa 

ia  tha  aaalLiac  occara  aadar  accaXaratal  agtat  eaalltlaaa. 

Caaglata  awaliii^  laotberM  aara  not  raa  oo  agal  nibbar  (^riaga 
CPigara  19).  XaaCaal,  tba  paraaat  aaall  altar  dUfariat  tlaaa  of 
aging  aaa  aanaarail  at  aaly  aaa  ralatiaa  praaaara  (0.600r/r^ .  IWa 

al  thaad  gaiata  ara  ahoaa  ia  flgara  19. 

Ig  tha  dau  aa  U  Figara  II  tha  rata  aaaataata  for  tha 

agii^  pcaaaaaaa  at  70^  aaa  ba  ealanlatad  by  agaatiaa  (5).  Tha  gragha 
ara  ahaaa  U  rifvaa  20,  21,  aad  22.  It  aheaU  ba  natad  that  oaly  tva 
an  aaallabla  ia  lifMraa  20  aad  21  (fraa  rigaraa  17  aad  U, 
raagaatiaaly).  Ia  rif«a  22,  fiat  poiata  ara  amlUbla,  althaagh  oaly 
Cteaa  aC  thaaa  ara  i^iaatad  ia  riguta  19.  Xa  all  eaaaa  tha  poiata 
iKTO  baaa  talua  at  a  ralatiaa  aagor  praaaara  of  0.600.  Tha  rata  eoairaafa 
ara  prataatad  ia  Tabla  fX. 


TAMJ  n 


■-•1141-1  ahaat 
■-i04M-MP2  ahaat 
•1^822-60  <Kriagi 


Bata  Cooataat  at  70^C 

-  0.031  day’^ 

-  0.076 

-  0.033 


Tha  data  laff— **  that  ■^>•1141-1  ahaat  mbbar  aad  SE-622-60 


ahaat  tha 


tabbar  O-tiaga  aga  at 


rata  ahila  ■••0496-DIP2  ahaat 


FIGURE  17 
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(RELATIVE  PRESSURE  OF  CCI4) 


FIGURE  20 
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GING  TIME  (DAYS) 


ME  (days) 


aging  time  (days) 
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«0M  wet  tvlc*  **  Cut  **  aCki*  two. 

Bmmm  tko  *|«t  4M  io  owwUoklo  *t  owljF  •■•  to^orotow 

in*e)  tt.  tM»  •»  •*!■•  •« «»  0*  •**•••  ^  *• 

etUaUM.  ta*lM  •(  n*Ut  O-tiaft  m  fttMUlf  »«ta»  •§•*  »t  10^0 

CO  ollov  tklo  eolcolortmi. 


i  tkMntleal  of  Iko  otlot  »*»»“  *“*  “* 

OMlMtlOO  of  f«tOt.  lOOKHtklO  fot  tkO  ktOOk^  Of  tobkot  Oof  ».»lt 
UI.  ooloetla.  of  rokko.  calami*  kotto.  ootcod  fo.  .  Hrtl«ol“ 
ro.  tkoio  tooooM  Mi  otMoat  lo  koloi  .id.  to  lot..»tot  tko  omUUi 
JOtt  MOOCdlOt  to  tko  tkOiiCT  of  riot,  <»>.  IkU  Ihoot,  rtodUto  tku 
4oto  ohoold  lit  tho  aqaatloa 


2o903  tot 


<7) 


vhoro  f/i  io  tho  rtlotloo  wi^wt .  gtoooom  o£  tho  awolliiit  ootoomt, 
is  tho  ooloio  fraotioo  of  tho  robhor  in  tho  riAbor-ool^ront  got,  on* 
it  •  ooMtMt  oollod  tho  olxliw  poroMtor.  If  ftottlnf 


i.ya  in  Mti-t  »,* .  .tr.i*t  ii»  ok-od  roMat.  irtth  . 

.lo^oH-awV  ,UUk«.k...-dofo.tko«-lHnd.t.o.kott 
,^.«aD.»d,*l.k..tnkkot  qMOkWJWl).  tko  noolto  010  okodo 

u  ri«i«o  a  on  2*.  Mtkoo^  o.«  dot*  oeottor  lo  ffoooot,  tko  roloto 
1,11  noKiookl,  ooU  «  o  otiol^it  lloo.  for  «»>-oiod  om«1oo  Xj  oqoolo 
0.*«.  rot  ooirloo  o«od  B  dojro  ot  10%  Xj  -  0.8B.  thoo.  tho  mloo 
of  X.  lo  O0»Ul»  to  tko  kOOokdOB  of  tho  tOkkot  001*100. 
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A  mmu  •!  plottii*  tk»  4^  !•  ^  ** 

»wi*  gnfk  tlM  foiiu  rtptttwf  tk«  tifM*"****^ 

„  «l«UUd  f«.  ».  «ta«  •*  V  It  1.  ««-.  .*.  t— “ 

ar«  dilfarMt  for  Ofid  «4  mb^U*. 

AM.t41ll(  t.  tt.  Ij  1*  ~».t.a  to  tk.  kMt  0(  tllotloo, 

of  tl»  oolvwt  U  tho  riAWr  by 

‘Ji-V/  <*> 

H  * 

bImto  aIj  i»  tlvw  fcy  tbo  roUtloMhlp 

- _  _ c#..  CD 


lot  »/P«- 


2.303  KT 


Am.  by  MOOBtlM  »/»o  ^  •  f«cti«i  of  tbo  obooinu 

I  f  oriTif-  Aij  Md  Xj  eo»  bo  eoleolotod.  Froioi4l»i  tbo  tboocy  U 
•met.  tbo  volM  of  Xj  M  oolcolotod  froo  oqMtloo  (8)  oboiiM  bo  tbo 
ooM  CvlCbin  tbo  liadU  of  ooyerlMotoX  orror)  oo  tbo  mIm  eoloslotod 
froB  oqootloo  (7).  Altormtlooly,  aIj  coo  bo  colooUtod  (ot  eoootoot  fj) 
fcoB  ofMtlflO  (8)  Htk  tbo  ooloo  of  X^  fro*  o««ti«b  (7)*  *Wo  mIm 
«C  Alj  obo^Of  tboo  conrootood  to  tbo  Mtoorod  rol-  <««•  »)• 

iltbni^  tbo  oi»oriMOtol  todMito*  ■ooo«rlot  aI|  bM  oot  yot  booo 
torfoeto4.  tbo  mIom  obMlood  tbuo  for  oro  dofinitoly  of  tbo  ri#t 
(190-300  colMlo)* 


iMt  of  dllotloo  MMoroiNoto  irUl  bo  cootlnuod  oo  o  forthor  toot 
of  tbo  fl<«y  tboory.  a1«,.  «Mlli««  d«o  *111  b.  obulnod  oo  n«>or  0^ 
rlofi  atod  ot  dlfforoot  toofotBtMM.  WUb  tbio  dou  tbo  rou  of  looo 
lo  tbo  ooolllot  frofooty  ot  tbo  toororotoro  of  otorofo  irtU  bo  eoloolotod. 


FIGURP  25 
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Igr  trMHiiif  tlM  MMlliai  data  vitli  data  oa  otkar  pkgraleo>atclMnloal 
ftoparciaa  (aodalaa,  ralativa  aloafatloa,  ate.)  it  aheald  ka  paaalbla 
ta  calcaUta  tlM  atoraga  Llfa  of  tiM  0*riaga. 


% 


siaxoM  XV 


Vtportiation  o£  VoUtlU  Co«poii««tt 
Xa  tht  Rubbar 


45 


A  nikb«r  MipU  ■Mturiai  a^roxlMtaly  lcaX2aiX2MaM 
valfliUi  arproxlMtaly  0.6  gras  aaa  auapa^ad  la  a  AryUt  ovaa  aala- 
talMd  at  a  eooaUnt  taifaratura  o£  70°C.  Ilia  aanpla  wa  auapaadaA 
aaar  tiM  buU  of  tba  tlMmmatar  to  laa«tra  tkat  tha  taaparatura  U  tba 
viclaity  of  tba  aaapla  raaalnad  at  tha  daalrad  taa^ratura.  Air  waa 
alloiiad  to  clrcuiata  fraaly  through  tha  ovao  by  aaana  of  an  opaulng  la 
tha  top  of  tha  ovan.  Tba  aaa^la  uaa  ra«>vad  ftoa  tha  ovaa  at  dlffaraat 
Utarvala,  allouad  to  cool  la  air  for  taa  alautaa,  ualghad  alth  an 
analytical  balaaca  aad  raturaad  to  the  ovta.  Tba  aaapla  uaad  la  thla 
atttdy  uaa  cut  froa  tha  aaaa  ahaat  of  8R-822-60  rubbtr  that  uaa  uaad  to 
obtala  tha  curvaa  la  flguraa  13  and  14.  Raaulta  of  thla  axparlaaat  ara 
glvaa  la  Flgura  26,  which  la  a  plot  of  parcantaga  weight  daeraaaa  of 
Cha  aaavla.  .(•f/W)100,  varaaa  aglag  tlaa  la  houra. 

TWO  curvaa  ara  ahown  la  Flgura  26.  Curva  A  la  a  plot  of  tha  data 
obtalaad  la  tha  axpartuoat.  Thla  curva  abowa  that  thara  la  a  rapid 
daeraaaa  la  weight  during  tba  flrat  few  houra  of  aglag,  probably  due  to 
vaporlaatloa  of  •olatura  aad  graaaa  picked  up  by  tba  aaapla  during 
atoraga  and  handling,  layoad  thla  point  tha  curve  bacoaaa  linear.  If 
oaa  aaaMaa  that  tha  flrat  portion  of  thla  curva  la  due  to  vaporl.atloa 
of  graaaa  aad  aolatura  (to  be  verified  In  future  axparlaaata)  aad  that 
the  weight  loaa  with  aglag  tla*  la  a  linear  fuactlon  aa  Indicated  by  the 
roMlndar  of  tba  curva,  then  tha  plot  can  bo  corrected  for  tha  praeanee 
of  thaaa  foreign  aatarUla.  Thla  la  dona  by  extrapolatlag  tba  linear 
portion  of  the  curva  to  taro  tl»a,  taking  another  point  on  curva  A  aad 
aubtraetlng  tha  value  detaraiaad  by  axtrapolatUg  the  curva  to  taro 
tlaa.  A  atralght  line  can  than  be  coaatructed  through  tha  two  polnta. 


FIOUPE  2  6 


aging  time  (hours) 
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mm  •!  vlileli  kccoMt  ck«  origin.  Curvn  1  in  fignm  26  it  thn  corroctod 
cnrvo  and  ahonld  bn  thn  trnn  voUttllnntion  curvn.  Thin  procndnrn  in 
no  vny  nltnrn  thn  nlogn  of  thn  linn. 


SKTXOli  T 


Iwitron  IrrAdlAtlon  of  lubbor 
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la  M  atuapc  to  loon  aero  oboat  tiM  ioroaioaeo  of  •wolliai  oa 
croaoliakiaf  oovorol  toa^loo  voro  ploeod  la  tho  Oklmoitj  of  OhUboao 
looooroli  roaeur  oad  boabar4od  with  aoatroaa. 

t99  M«pUa  of  0  lwa«4l  tppo  rabbor  of  tho  ooao  oiso  aad  eoapooitioa 
•a  thoao  aaod  in  tho  awoXllng  atudioa  varo  ploead  In  tho  rooetor  ot  o 
flax  poaltioa  of  10°  noatrooa/ea  /aacond.  Tho  aoi^laa  wara  boabardod 
for  240.43  wott-hoara,  raaoaod  froa  tho  raactor  (radiotioo  lavol  of 
aoovlao  woa  aotliglbla)  oad  awallod  in  tha  aodifiad  taat  tuba  apporotoa 
for  72  boara  uaing  baoaona  oa  tho  aolvant  at  a  taaparatura  of  20^C. 

la  oddltloa  to  thaaa  two  aoaplaa  thraa  cootrol  aoaplaa  that  hod 
aet  booa  boabardod  wara  awallod  uodar  tha  aaaa  cooditioaa.  IxporlaMatol 
raaulta  ora  givaa  la  Tobla  VXl. 

loi^la  1  waa  flrat  awallod  for  72  houra,  allowad  to  daawall  oad 
thoa  woa  ploead  la  tha  raactor  la  oa  attaapt  to  aaa  If  awalllag  ehoagod 
tha  croaallahlBg  or  If  tha  praaaoca  of  aolvoat  aolaculaa  durlag  boahord* 
lag  offactad  tha  dagraa  of  croaolloklag.  Aftar  balag  boabardod  tho 
aoaplo  waa  ogola  awallod  aloag  with  tha  othar  four  aoaplaa. 


lAiu  nx 


^to^tdod  toaalaa 


faaplo 

If 


1 

2 


Valght 

Valght 

Valght 

Valght 

Paroaat 

Bafora 

Aftar 

Of  fwallad 

laorooaa 

Valght 

ioabardlng 

faroaa) 

Bo^rdlag 

(araaa) 

SMipla 
(groaa)  _ 

(groaa) 

Xaeraoaa 

0.9915 

0.9829 

1.6923 

0.7096 

72.19 

0.9984 

0.9364 

1.6342 

0.6978 

72.96 
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i—>l—  Mot 


lanple 

■unbar 

Original 

tangle 

tfeight 

(Irani) 

■eight 

Of  Swelled 

SMple 

(irana) 

Weight 

Increase 

(frana) 

Percent 

Weight 

Increase 

(trana) 

3 

0.6885 

1.2152 

0.5267 

76.50 

4 

0.6109 

1.0662 

0.4553 

74.53 

5 

0.7503 

1.3251 

0.5748 

76.61 

Aa  «  control  to  so*  if  awolling,  dtswolllof  and  reavelling  changed 
tha  parcMC  iralght  increase,  sanple  5  was  subjected  to  the  sane  conditions 
as  sasfle  1  but  was  not  boabarded. 

Ixaaination  of  Table  VZl  above  that  there  appears  to  ba  a  decided 
change  in  tha  swelling  ability  of  the  rubber  sanple  after  neutron 
boabnrdaant.  If  the  bonbardaent  were  continued  for  a  sufflelantly  long 
period  of  tiaa  enough  erosalinking  would  occur  to  render  tha  aenple 
brittle  and  naeleas.  The  resulta  obtained  when  sanple  4  was  swelled 
detract  fron  the  total  results  since  this  sanple  would  nake  it  appear 
that  the  percentage  swell  of  all  tha  saaplas  is  approxinately  74  t 
further  experinentation  would  be  necessary  to  show  that  tha  resulta  fron 
this  seayle  can  ba  disregarded. 

Due  to  the  lack  of  tine,  noney  and  facilities  this  study  was  not 
pursued  past  the  initial  stages.  There  are  nany  conplicating  factors 
that  arise  in  a  problen  such  as  this  and  fruitful  results  can  ba 
obtained  only  with  the  proper  equipnent  and  an  accurate  knowledge  of 
the  naterial  subjected  to  irradiation.  Since  none  of  these  were 
available  when  the  problen  was  started  it  was  decided  that  prellsdnary 
atudiea  would  be  nade  and  chan  sat  aside  to  concentrate  on  nore  funder 
nental  work  with  the  intention  of  returning  to  this  progran  at  a  future 
date  if  possible. 


sicrxoi  n 

iMliins  l«h«vlor 
Oniar  Straat  Coadltioaa 
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la  anotkar  daslgnad  to  atudy  tka  dagraa  of  eroatllaklni 

of  aa  alaatoaar  at  vail  at  itt  •vtlllag  bakavior  uodar  atraat,  a  atratek- 
ia§  rack  vaa  daaifnad  tkat  would  parwit  rubbar  atrlpa  to  ba  atratekad  to 
uj  daalrad  alootatlou.  Ika  raak  uaad  in  thia  axparlaaot  la  ahowa  la 
Fltura  27. 

Tka  fraaa,  f ,  la  aada  of  altaalniai  of  alxifla  plaea  conatroctlou 
Btaaurlng  SSaaiXlSauXSaa.  A  tunueraw,  a,  paaaaa  tkrougb  tka 
uppar  portloo,  b,  of  tka  ittm,  which  alao  acta  as  a  koldlof  baaa,  and 
la  aacurad  to  a  aovabla  baaa,  b*.  Tka  rubbar  aaapla  la  aacurad  to  tka 
Ixtm  batvaan  baaa,  b,  and  tka  raaovabla  claap,  r,  In  tka  uppar  portion 
of  tka  frana  and  batvaan  baaa  b*  and  raaovabla  elanp  r*  in  tka  lowar 
portion  of  tha  fraaM.  Two  acrava  paaa  throufk  aaeh  raaoval  claaip  and 
art  aeravad  Into  baaaa  b  and  b*  to  bold  tka  aMpla  In  plaea.  Tka 
aaapla  la  atratekad  to  tka  daalrad  alonpatlon  by  tumlnp  aeraw  a,  vfalek 
aauaaa  tka  nouabla  kaaa,  b*,  to  novo  down  tka  frana.  Tha  aanpla  ean 
than  ka  avallad  by  auapandlng  tha  fraaa  froa  book  t  la  tha  aodlflad 
taat  tuba  a^ratua  (Flgura  9). 

Wkan  naklng  a  datamlnntion  rubbar  aa^laa  aaaaurlnf  approxlaataly 
XOaaXSaaXlaBi  vara  aacurad  to  the  fraaa  and  avallad  at  caro 
alongatloo.  Tka  aanplaa  vara  than  allovad  to  daavall,  atratekad  to 
100  parcant  alonpatlon  and  raavallad.  Tha  atraln  placed  on  the  rubbar 
aaapla  dun  to  atratcblng  and  availing  has  eauaad  avary  aanpla  tkat  kaa 
baan  uaad  to  data  to  break.  Tka  sane  results  vara  obtained  wkan  a  aanpla 
vaa  atratekad  and  agad  at  alavatad  tanparaturaa .  Itratcklng  tha  sai^la 
to  an  alongatlon  snail  anou^  to  prevent  braakaga  causes  such  a  snail 
ekanga  la  tha  availing  ability  of  tka  aaapla  that  one  can  conclude  tkat 
no  la  found  vltkln  axparlanntal  error. 
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8iac«  aiX€XMit  MgloM  aad  othtr  Air  forea  •qatyaat  MUf  mbkar 
0>ria(t  art  atorad  la  1010  oil  until  naadad  it  uaa  eoaaidarad  naaaaaasy 
to  dttamina  what  affaet  tht  1010  oil  ImmI  on  0>ria(a  that  vara  aatvratad 
with  thia  oil  for  loag  parioda  of  tiaa.  la  ordar  to  do  thia  it  vaa  firat 
naeaaaarp  to  find  a  aathod  for  raaoving  tha  1010  oil  without  cauaing  a 
chaaga  ia  tha  prepartiaa  of  tha  nibbar  dua  to  tha  aathod  itaalf. 

tlacing  0-riaga  aaturatad  with  1010  oil  in  a  raducod  ataoaphora 
apataa  had  vary  llttla  affoct  on  tha  oil  bocauaa  of  ita  low  vapor  praaaura. 
laatiag  tha  ayataa  to  a  taaparatura  of  50^C  for  fivo  daya  failad  to  ra> 
aova  aora  than  a  fav  ailligrana  of  oil  froa  tha  ringa.  tinea  haattng 
tha  rabbar  aaaplaa  ehaagaa  tha  propartiaa  of  the  rubber  aod  bacauaa 
each  long  parioda  of  tiaa  are  required  to  raaova  all  tha  oil  in  a 
aiapla  uaewuB  ayataa  thia  aathod  vaa  cooaidared  iapraetical.  Attaa^ta 
to  raaova  tha  oil  by  aoahiog  the  ringa  in  organic  aolvanta  or  axpoaiag 
tha  ringa  to  aolvunt  vapora  and  then  awaporatiag  the  aolvant  froa  tha 
ringa  under  vacuuu  likeviaa  failad  becauaa  noat  organic  aolventa  raaava 
aolubla  cooatituanta  froa  the  rubber  along  with  the  1010  oil.  Ivon 
the  ringa  ia  water  ceatatnlng  a  datargant  cauaad  aolutioa  of 
oonatituanta  froa  tha  rubber. 

The  aathod  that  appeara  aoet  proaiaiag  ooaaiata  of  placing  tha  oil 
aoaked  rubber  aaaple  in  a  high  vaeuua  ayataa  aada  up  of  an  evacuating 
ehanber,  cold  trap,  aaroury  diffuaioo  pvip  and  fora  paap  with  a 
alnlanaa  of  eooDectieaa .  the  rubber  aaaplaa  are  placed  ia  tha  evae> 
uating  chaahar,  held  under  vaeuua  for  three  daya  and  weighed.  Ixpari- 
aaatal  raaulta  are  given  ia  Pigure  2t,  where  tha  aaaple  weight  ia 
plotted  veraua  tha  toUl  Maber  of  daya  the  aaaple  waa  aubjacted  to 
high  vaeuua. 


SBCTXOH  m 


RMUval  of  1010  Oil  from  O-tingi 


52 


liaec  alrerAft  MfliMs  and  otbar  Air  Foxcn  #qnlp«ant  uaing  rnbbar 
0>rii«i  art  atorad  in  1010  oil  until  naadad  it  aaa  conaidarad  naeaaaary 
to  deteraina  uhat  affaet  tha  1010  oil  had  on  O-rlnga  that  ware  aaturatad 
with  thia  oil  for  long  parioda  of  tiM.  la  order  to  do  thia  it  waa  firat 
to  find  a  aatbod  for  raooving  tha  1010  oil  without  cauaiog  a 
fbama  in  tha  propartiaa  of  tha  rubber  dua  to  the  aethod  itaelf. 

Placing  0>ringa  saturated  with  1010  oil  in  a  reduced  atnoaphara 
ayatea  had  vary  little  effect  on  the  oil  because  of  its  low  vapor  prsasura. 
Heating  tha  systea  to  a  taoperature  of  50°C  for  five  days  failed  to  ra- 
■ova  nore  than  a  few  ■illigraas  of  oil  froa  tha  rings.  Since  heating 
tha  rubber  sMples  changes  the  properties  of  the  rubber  and  because 
such  long  periods  of  tiae  are  required  to  roaove  all  the  oil  in  a 
•ia^le  vaeuuB  systea  this  aethod  waa  considered  iapractieal.  Attests 
to  tmoy  the  oil  by  soaking  the  rings  in  organic  aolvents  or  exposing 
the  rings  to  solvent  vapors  and  then  evaporating  the  solvent  froa  tha 
rings  under  vacuta  likcvUe  failed  because  aost  organic  solvents  reaove 
soluble  constituents  froa  the  rubber  along  with  tha  1010  oil.  Ivw 
the  rings  in  water  eoatnining  a  detergent  caused  solution  of 
constituents  froa  the  rubber. 

The  aethod  that  appears  aost  proaiaing  coasista  of  placing  the  oil 
soaked  rubber  saaple  in  a  high  vaeuua  aystaa  aade  op  of  an  evacuating 
chaster,  cold  trap,  aercury  diffusion  puap  and  fora  puap  with  a 

of  connections.  The  rubber  saaples  are  placed  in  the  evae> 

Mtiag  chatear,  held  under  vaeuua  for  three  days  and  weighed.  Bzperi* 
MnUl  results  are  given  U  Pigure  U,  where  tha  aanple  weight  is  • 
plotted  versus  tha  toUl  n»ber  of  days  the  saaple  was  subjected  to 

high  vaeuua. 


ACUUM 
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AMordlDC  to  Uit  gripli  tfc* 

first  t«  4iiy.  in  ths  srttm  •«<  tko«  grsiii^ly  oppri-chM  s  eoMtaat 
y^fgke,  ockioYlnt  t>»l*  constant  voi^t  In  shout  flus  ussks. 

TO  Insurs  that  tbs  vmmm  4U  not  rt^ws  voUtlls  coufonsnrs 
iron  tbs  ruhhsr  and  tbarsby  ebaats  Its  ftoftti-,  a  control  sa^U 
that  had  not  hatn  soakad  In  oil  uaa  pUcad  in  tha  swuu.  ayatan.  At 

tba  and  of  aiibt  daya  in  tha  ayatan  tha  aaurl*  ^ 

hy  approninauly  0.8  yreont.  ThU  uaight  loaa  «)at  likaly  rapraaoata 
tha  rsM^l  of  •oUtura  and  graaaa  praaant  in  tha  mhbar  dua  to  baadliaf 

«nd  atocaga. 

Onsa  thU  nathod  has  baan  parfactad  tha  physical  propartiaa  of  0- 
riaga  that  haaa  haan  aatoratad  with  lOlO  oil  and  than  had  tha  oil  ra«wad 
will  ha  coaparad  with  tha  pbyalcal  propartiaa  of  control  aanplaa  of  tha 
of  cubhar  that  hava  not  baan  soakad  in  oil  to  aaa  what  offset 

tha  lOlO  oil  has  on  tha  propartiaa  of  tha  ruhbar. 


iKnoi  fin 


I^Mclilng  of  CoioClCiitots  tt«k  O^Riti^ 
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Zm  n  to  loon  aoro  about  cIm  offoct  of  ocooloratod 

■flag  OB  nbkor  ooagloo  o  tidmlqiM  boo  iovlood  to  otofy  tlM  attoriol 
loaclio^  Irao  •  nbbor  soaplo  Inorood  in  oarbon  totraeklorldo  bj  aoaao 
of  lafrarod  opoctna  aaalyoli.  Tho  booia  for  tho  oxporiaont  aoa  tba 
pooolblllty  tbot  Ofiag  alfoctod  tho  solaMo  aatorioU  in  o  dofinito 
aad  thia  chaago  would  bo  ovldont  by  cboagoa  In  tbo  lafrarod 
apoetrua. 

lubbor  aaaploa  of  two  difforont  typoa  of  luaa>g  rubbor  woro  boatod 
la  alt  at  70^C  for  porioda  ranging  froa  1  3/4  boara  to  olgbt  daya.  Ibo 
rubbor  aaaploa  aoaaurod  abot^  IcaXleaZlB  aad  aolgbod  opproal- 
aatoly  0.4  graa.  Vboa  a  aaaplo  woa  raaowod  froa  tbo  owoo  It  waa  alloaod 
to  cool  ovornlgbt,  laaaraod  In  SO  ala  of  carbon  totracblorldo  for  72 
boon  aad  raaowod. 

Siaeo  tbo  aaoant  of  aolwoat  proaont  groatly  omeoodod  tbo  aaoant 
of  loacbod  aatorial,  aolwaat  baaia  would  atak  baada  dao  to  tbo  oolublo 
aatarial.  To  ollaiaato  tbia,  and  to  bawo  a  aoro  coaewtratod  aolutloo, 
tba  aolwuat  ana  owaporatod  by  paaalag  a  atroaa  of  air  ovor  tbo  aolatloa 
cicatitaad  in  a  boakor.  Aa  aooa  aa  tho  aolwoat  had  boon  ccaplotoly 
owupontad  tbo  walla  of  tbo  boakor  woro  uaahad  down  with  a  aaall  aaount 
of  aolwuat  nd  tho  aolatloa  waa  carofully  traaaforrad  to  a  aodliai 
chlorldo  diac  wfaoro  tbo  aolwont  waa  again  owoporatod  oalng  coaproaaod 
air.  Zbla  waa  dona  throo  tlaoa  to  Inauro  eoaploto  tranafor  of  aatorial 
to  tbo  diac.  A  aoeoad  aodlua  chloride  diac  waa  placed  over  tho  flrat 
ao  tbo  aatorial  «aa  eontalaod  between  tba  dlacs.  Tbo  diaca  woro  than 
plaaod  in  a  claap  which  hold  tbo  diaca  la  tbo  Infrared  boaa. 
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^******  ^  Mif U*  cmM  opt  MkJtcUd  to  idontleol 

•MilcioM  la  Mkiat  tfcaao  datax«iaatiooa  it  aaa  nacaoMcy  to  Hod  m 
ataiuiard  that  ooaM  b.  ...d  aa  a  ea^^Uo.  afalaat  all  oCImt 
PMka  la  tha  apaetnai.  Za  oChar  vocda  It  waa  aaeaaaaxy  to  flad  a  paak 
tkat  roMlaad  ooaataat  in  ralatioa  to  tka  otkar  paaka  la  tka  ta^ 
•pactraa. 

ixtaoaiva  taata  kava  baaa  aada  aalnf  tkla  tacholqua  bat  to  data 
no  dallalta  corralatioa  kaa  baaa  found  bataa^i  tk.  laftarad  apactra.  of 
tka  Uaekad  aatarlala  and  tka  atlng  tla».  It  la  aaapaetad  that  tka 
raaaoa  for  tkla  la  tka  difflcaltjr  Uvolvad  In  trplag  to  dapllcata  tka 
«  eoadltlaoa  froa  a«pU  to  aan^la.  aalgbta  aaiy  fro.  ada^la 
**  latradaea  aoaa  artor  altkou|k  oao  of  aa  latarnai 

•taadard  akoald  alHalaau  tkla.  Tka  ».t  prababla  eaaaa  for  arror  arlaaa 
U  tranafarrlat  tka  aolatloa  ttm  tha  baakor  u  tba  dlac.  la  fatara 

•tadlaa  a  toahalqiia  *1U  ba  dairlaad  to  alLalaau  tkla  atop  fro.  tka 
proeadnra. 


sicncw  u 
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The  Teaperature  Retraction  test  (ASTM  D  1329-60}  provides  a 
■ethod  for  rapid  evaluation  of  crystallization  effects  and  for  coaparlng 
viscoclnstic  properties  of  rubber  and  rubbe.r-likc  materials  at  low 
tcaperatures . 

Apparatus 

The  testing  apparatus  consists  of  a  spccincn  rack,  an  Insulated 
cooling  bath  which  is  equipped  with  «  thereoueter . an  inmerplon  heater, 
and  a  liquid  coolant  A  schematic  drawing  ol  the  apparatus  is  shown  in 
Figure  29  The  specimen  rack  was  designed  so  that  it  naintains  a  slight 
tension  (1  to  3  psl)  on  the  specimens  and  pcrnits  them  to  be  stretched 
and  anchored  at  any  elongation  up  to  a  bmxIisus  of  250  percent.  The 
length  of  Che  specimens  can  be  read  by  an  Indicator  at  any  t  lake  during 
the  teat  within  an  accuracy  of  i  0  05  centlajeters.  The  rack  was 
designed  so  that  it  can  hold  four  speclmeus  at  the  same  time. 

The  bath  consists  of  a  silvered  Dewar  flank  which  sets  in  a  wooden 
box  The  liquid  coolant  equilibrium  mixture  used  is  nelhunol  and  dry 
ice . 

Procedure- 

The.  Dewar  flask  is  filled  three-fourths  full  with  the  methanol-dry 
Ice  equilibrium  mixture  at  about  -  70°C  by  adding  chopped  dry  ice  to 
methanol  One  end  of  the  test  specimens  arc  inserted  into  the  station¬ 
ary  clamp  at  the  bottom  of  the  sample  rack  and  the  other  end  in  the 
movable  clamp.  The  three  inch  sacoples  are  then  stretched  to  Che  desired 
length  and  anchored  in  the  elongated  position  by  tightening  the  thumb 
nuts.  Tba  spacljKn  rack  la  placed  in  the  bath  slowly  to  avoid  frothing. 
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A  -  Sp«eliiien  i^ck 
0  "  T*st  Sp«cin«n 

C  •»  Movable  Clanp 
Cj  •  Stationary  Clanp 
0  *  Thunb  Nut 

E  •  Indicator 
F  »  Coonectinf;  Uflro 


G  •  Graduated  Scale 
n  -  Flexible  Cord 
I  -  Pulley 
M  -  Rock  Support 
N  -  Doth 

0  -  Vooden  Container 


R  -  Heater 
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If  tlM  rftrtfMTt  of  ttao  Wtk  riooo  okovt  -  70*C  nhaa  tkt  rock  io 
lnoorto4»  o  omII  oaowat  of  4cy  ico  io  o4do4  to  ro4«eo  tko  t  if  ■rotor  o 
to  kotvooo  •  70^  oo4  -  73*C.  After  10  ■ioiifi  tko  tkook  nuto  or« 
roloAoo4,  oof  tko  ipooioooo  oro  ollowod  to  rotroet  frooly.  At  tkio 
yoiot  tko  kootor  !•  twraod  oo.  Tko  flr*t  roodlag  lo  tokon  ot  •  70^C, 
oof  cootlnoof  ot  too  oiooto  latorools  iiotll  rotroetloo  lo  coofloto. 

grolloioory  looolto 

•oto  io  givoo  bolotf  lo  TOklo  fill  oad  io  rigoro  30  oo  tkroo  Booo- 
■  mkkor  ooogloo  of  fifforoot  coro  foto  (not  tko  ooao  n^kor  coogouod 
lo  oil  tkroo  ooogloo) .  Tkroo  lock  ooogloo  oro  giooo  oo  loltlol  oloog- 
otioo  of  five  cootiootoro  (A5.7X  tootlog  oloogotloo)  oof  ylocof  lo  o 
ootkoool'fry  ico  kotk  ot  •  70*C  for  10  odootoo,  Tko  ooogloo  oro  tkoo 
roloooof  oof  ollooof  to  rotroet. 

TklU  fXXZ 


fonplo  Rnokor 

1 

2 

3 

Oure  Rote 

L-61 

1-54 

5-56 

TR  10 

-55.S''C 

-42«C 

-34.6«C 

TR  30 

•50.4 

-37.7 

•30.8 

TR  50 

-45.8 

-34.7 

-28.0 

TR  70 

•41.0 

-29.6 

-24.5 

(TR  70  -  TR  10) 

U.8 

12.4 

10.1 

rmeoiog  folat 

-59 

-44.5 

•36 

fvtifre  WfTk 

Since  tko  fifforoneo  kotvooo  tko  tonperotore  ot  vkich  o  vuloooicoto 
rotroeto  10  poreoat  (TR  10)  ood  tko  tonperotvro  ot  which  o  vnleonisoto 
retrocto  70  percent  (TR  70)  Incroooeo  oo  tko  tonfoncy  to  erjotolliie 
iacroooeo,  ooople  oo.  1  cryotolliseo  before  oonpio  no.  2;  onf  oonple 
00.  2  crjotolliseo  beforo  oooflo  no.  3. 
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B.  r.  Goodrich  Co.,  NoaaUlaUg  Bubbar  Antloxldaat;  (affact  oa  XB 
on^niBiila  durlag  aeealaratad  agiag  are  daacrlbad),  Brit.  820,170 
(8apt.  16,  1959) 

I.  F.  Goodrich  Co. ,  RoaaUlaiag  aad  MondlacoIorioB  Datarloration 
Baurdara;  Brit.  825,630  (Dae.  16,  1959) 

Bicca,  B.  8.,  Datartoratloa  of  OrgaBlc  folyiMri;  Ball  Syataa  Tach. 

J. ,  30:1078  (1951) 

Bluaataia,  A.C.,  Groaaaaa,  B.  F.,  Bffacta  of  Broalaatad  Butyl  la 
Butyl  Coafouada;  Bubber  World,  142:98  (1960) 

Brltiah  Bubbar  Producora  Baaaareh  Aaaoe. ,  Fraaervatloa  of  Havaa  La- 
tax;  Brit.  821,872  (Oct.  14,  1959) 

Bulat,  J.  M. ,  AglBg  aad  Vaatharlag  of  Rubber;  Bubbar  Chaa.  aad. 
Tachiol.  38:230  (1955) 

Bulat,  J.  M.,  WaldiOB  G.  Oaa  and  Mlaoaa  of  Aeealaratad  Afiag 
TaaUi  Traaa.  laat.  Bubbar  lad..  21:49  (1945) 

Burka,  Oliver  H.  Jr. ,  Antlosoaanta  for  Rubber  and  Other  Onaaturatad 
aifh  Folyaara;  Brit.  84^81  (July  13,  1960 

Chaalaeba  Warka  Hula  Akt.-Gaa.,  SUblllzatlon  of  HydroearbOn  Poly- 
aara;  Brit.  826,262  (Dae.  31,  1959) 
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Do|i4kl»,  B.  A.,  (iMt.  flM  CBm.  TtclMol.  Hotc««),  11m  Bff«et  of 
Bloetrie  ChorfM,  Oeeurrlag  U  tk«  FroeMf  of  HuIUbU  DoformtlOM. 

00  tko  ntlgiM  BotlftMco  of  foleulMUt,  IdUoU  ttur,  20,  297,  (1951) 

Dookol,  V.  L.,  riioUo,  1.1..  AeeoiontoB  Otooo  Allot;  loMor  Alt. 

•9i2ll  <l99i)  - 

Duolof  loMor  Co.  lU.,  SUotoaort  with  loBtowoB  SUblllty  froo 
BolycooBooMUi  ood  looeyMMUo;  Cor.  1.040.779  (Oct.  9.  19)1) 

Don.  J.  1..  OoldotlTO  Aglog  lo  OUrowloUe  Ll^t  of  Dleu^rl  Poroxldo 
foleoolutot  of  lotunl  luhhor  lo  eho  FroMoco  of  forlooi  Aotloxl- 
J.  Awl.  Folfnt  icl..  4:191  (1940) 

Don.  J.  1..  Fogg.  S.  0..  Frotoetloo  of  TrnaH<^nt  fOleaolMtM 
Agtlaot  AgUg  lo  Soollgbt;  J.  Afil.  Folwt  gel..  2:367  (1959( 

tao.  J.  1..  SmoUo.  j..  Choogoo  la  tho  StroM*8erala  Froportloo 
of  latorol  lobhor  foleonluCM  Ourlat  Aflat:  Tnaa.  FandOy  toe. . 

97:140  (1961) 

I.  1.  do  toot  do  Monurg  Co.,  BUotonrt  looUUat  to  Oxygoa.  Oiboo, 

•ad  Othor  OxldoaU.  Oor.  1.092,674  (Nor.  12,  1999) 

Bltligoo,  1.  X.,  Torooooo,  Z.  I..  ot  ol,  Aatloglag  Agoat  for  luhbor; 
O.l.f.!.  121,604  (Noy  19.  1960) 

Bofo  lOMorch  oad  laglaoorlag  Co.,  Stohlllgotloo  of  Butyl -Buhhor 
Utox;  Int.  BJl.eSS  (Apr.  6.  1960) 

Booo  Baaooreh  ood  Baglaoorlag  Co. ,  BUblllsod  Bologontod  Butyl 
Bubbor;  Brit.  890,429  (Oct.  9,  1960) 

Fgrboafgbrlkoa  Boytr  An.'-Goo. ,  Hydroxybonsyl  Btherx  oad  tbolr  Utt 
••  Agg-BMlsUrt;  Brit.  822,693  (Itar.  11,  1998) 

Farboafobrlkoo  Bayor  Akt.-Got.,  Hydroxyboaiyl  Btbori  tod  thalr  Oto 
••  Agg-Bgilittri;  6tr.  1,071,092  (Doc.  17,  1999) 

Forboafabrlhoa  Bayor  AKt.-Oaa.,  ligh-Holaeular-Valght  Folyorathaa 
Foaa  Bobbara;  Brit.  840,097  (July  6,  1960) 

Faooargua,  Patrick,  Iha  Actloo  of  Iraa  oa  Haat  Aglag  of  fulcaalaad 
Bubter;  Bay,  too.  Caoutchouc.  36:929  (1999) 

Fladlar,  Baaa  H. ,  Datarloratloa  •  Batardlag  Agaata  for  fulcaalaad 
Bubbar;  Oar.  1,097,778  (Nay  21,  1999) 

ford.  B.  V. ,  Coopar,  L.  f . ,  A  Study  of  tba  Pactora  Affactlag  tha 
Haat^rlag  of  Bubbar-Uka  NttarUla;  India  Bubbar  World.  (Sapt. 

Oct.  1991) 
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fwco.  JMM  F.,  SuWllMtlo#  o£  lUlonMUa  Butyl  tokBur;  0.  f.  1. 
962,474  (lou.  29,  1960) 

0«Mral  Tlra  4*6  lukbar  Co.,  Oootkor  aad  Ago-loaliUot  Folyurtth««i , 
irie.  846,176  (Aug.  24,1960) 

Clgor,  0.,  U  l»f,  J.,  AUonmgMchuU 
Mktluotor-VlrkoBg;  lABfctoik  0»  0<pol»  6:203  (1955) 

Olllotto,  H.  0..  Skolf  Aglag  of  lUotcooro;  Froclolon  Rukbor  fro- 
ducto  Corp.  lo  OfflcUL  Publlcotloa 

Goodyoor  Tiro  and  Rubkor  Co.,  yroMrootioo  of  gatuwl  Rubbor  Utox; 
Brit.  856,250  (Juotl,  1960) 

GtMtboooo,  C.  A. ,  If  foot  of  MlcroorgAolw  on  Rubbor  pogradotlon; 
lubbor  Ago,  63:337  (Juno,  1948) 

AakoU,  IboMO  H. ,  Uffoy.  John  J. ,  SUbllUlng  Chlortoatod  Butyl 
Rubbor;  0.  8.  2,964,463  (Doc.  13,1960) 

I.U.  0.  L.,  c<«.ot,  f.  s..  u.k..  J.  V..  >*2:*'"  ***"» ‘f 

tonom  Qndor  Contlauouo  Shoor  Load,  India  Rubbor  WorU  (Fab.  1954) 

larrla,  Janoa  0.,  Inprorlng  tha  Realotanca  of  Rubbar  to  Oagradatlon; 
0.  8.  2,921,922  (Jan.  19,  1960) 

lobba,  L.  M.,  Ctalg,  R.  C.,  BurkUrt,  C.  W.,  Fulcanlaatlon 

Fraa  Bolfur  of  BuUdlaao  -  Btyrono  Rubbor  Raalotaat  to  Aging;  Bub^ 

World.  136:675  (1957) 

luntar,  B.,  at  al  (U.  S.  Rubbor  Co.,  langatuck,  Conn. )  ^tyrono- 
BnUdiaaa  Rubbar  (8BR)  -  U»ortant  SUbility  Factoro,  Trana.  iMt. 
Rabbar  Ind.  35  121  (1959) 


Jahn,  A.  P.,  Yacca,  C.  M.,  Accalarated  Aging  Toata 
Parforaaoca  of  Baoprono  Jackatad  Drop  Wira;  Wlro  and  Wlra 
docU  33:1178  (1959) 

Juna.  I.  D.,  Johnaon.  F.  M.,  Storaga  SUbility  of^Traad  Rubbor  and 
Tiro-Iapair  Matoriala;  Rubbor  World,  141:820  (I960) 

lonita  Piorra.  Rubber  Protoction  Againat  Ataoapharic  AgonU.  I 

ESSil”  ”1  rnio.!  oroide  C<m^.  to..  C.«.t..bgi.. 

35:1243  (1958) 

U-nlU,  C.  (Clanaatoff-Court.,  G.  M.  6.  H. .  lohn-Waidan^h.^^r.) 
Innaaagatlon  of  Coiopreaaton  Fatlguo  and  D^ing  Pho««ona  for  Tiro 
Corda,  lautachak  u.  Ounoi  12  WT  270-WT  (1959) 
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liMtklm.  t»kino,  AatUfittt  A|«t  for  tub6«r;  J«pM  15,  9M  (Oet.  19, 
19M) 

MtlM  iMUUaec  of  loMon  «t  ll|ii 

cottUUO  ood  tiw  louro  of  tko  lolAforeUs  AgMtt  ttuckuk  t  Io«^ 

17  lo.  3.  16-If  (1958) 

U  ItM,  j. ,  ■•••rtlM  ioccoehtMiA<a  Ofcor  AlttruDfoprobli^  voo 
loiitoohuki  lAutichuk  u.CjjlMi,  llt332  (1958) 

Itoliol,  IL,  ot  ol;  folluro  of  tabborUod  Ptbrie  DurU#  Wwr,  »*«cbA 
1  loitao  U  Vo.  8.  28  (1959) 


MMdoI.  J..  «0th,  F.  L.,  Stool,  M.  B..  ftlohlor.  I.  D., 

of  tbo  AfUl  of  Bubbor  Volcooltotoo;  J.  loooorch  Votl.  Bor,  gubdor^* 

63C:U1  (1959) 

MosAfoetoroo  do  produlU  Chlidqooo  do  lord,  oUbllooo^to 
Frotocaoo  of  lUitooori  Afolaot  Aeooophorlc  Agoato;  Brit.  830,914 

Okr.  23,  I960) 

lUthoooo,  L.  A.  Boyr.  1.  f.,  *^8bt  jUbUU,  of  ond 

FolylaFlldood  Chlorido;  Iod«  log.  Cb^,  44:867  (1952) 

Motoodo,  i»»lo,  Aotloxldoot;  (ogo  roototor  for  nibbor) 

(April  11,  1959) 

Morcurlo,  A.,  tod  toboloky,  A.  (Prlocotoo  Oolo*,  ftiMMk,  I.  J.) 
Stroso  Boloaotloo  Studloo  of  Sclooloo  U  Bubbor  Fulcoalsotof,  i. 
Polfor  8cl.  36  467  (1959) 


Mavor  G  1..  loplto.  F.  J.,  Blco,  B.  M.,  Boot,  Or  one.  end  Gum- 
loduUoo.  SUbllUy  of  Blikly  Scturated  Adduct  Bubbor  fulcoalrotoo; 
Bubbor  World.  140:435  (1959) 

MiUboll,  C.  B..  inoootlgotlon  of  Cure 

lo.  2  oubidttod  to  Tinker  Air  Force  Baoe,  OkUhoM,  May,  1959) 

Nooaoato  Ckaxleol  Co. ,  VolcosUlog  Control  and  Aging  Freoontlon  of 
Bobber;  Cot.  1,031958  (Juno  12,  1958) 

Norria,  loger  I. ,  Alkylated  Indanola  Uood  aa  DatorloratlOn  BaUrdara 
for  Bnbborl  U.  8,  2.948,704  (Aug.  9.  1960) 

ItottU,  Io,.t  E.,  AlkjUd«»hl.t«<I.Ml.  ••  O.t.rlor.tl<m  E.Ur<Ur. 
for  Bnbbera;  0.  S.  2,969.343  (Jan.  24,  1961) 

Morrla,  BolllaUr,  J.  W.,  Barratt,  A.  B.  Wakantbln,  T.  A.,  ■j^ural 
end  Accalarotad  Light  Aging  of  Bovea  and  CB-8  ?ulconl»ataa,  Bu^ 
Age.  Apr.,  1944 
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Ibrria,  imu,  i.  R.,  1»*k«tkU,  T.  A.,  S«ai|bt  «i4  Acc«Unu4  U|Rt 
AfiM  of  lynebotle  BuMcrt;  M%t  AMt  Jum»  1942 

iMl,  A.  M. ,  Tho  tifBlflcAoeo  of  Aee*lonito4  A|Ug  TooU  for  RnMor; 

Du  Voat  Mfort  Do.  99-4  JuM»  1939 

lutto,  t.  T.,  fOBorUoru,  I.  f.,  lotion,  I.  1.*  MleroWoloiieul 
Dot<o4o4lou  of  lubbor;  MikfobtoloKtyi »  28: MI  (1939) 


litrlU  lubbor; 


,  :25  (1960) 


Oborto,  f.«  Agi^  Fluorooconco  of  Vulcoolood  lubbor;  lubbor  Toch.  Coof.* 
Loodon  lofrlitt  lo. ,  75  (Moy»  1938) 

Oitofort,  2.  T.,  Ittfluooeo  of  Accolorotor  Roiidooo  oo  Ago  l••touoco 
of  IlootoMtie  Vuleoolootoo;  lubbor  Worlds  140:69  (1959) 

0aiofort»  I.  T.,  Show,  I.  F.,  BOrgotroo»  t.  W.  Vulcoolslog 

for  lubbor  fuleooliotoo  with  Xaprovod  loilouoet  to  AgUg.  1  ood  u. 

lubbor  uorld.  135:867  (1956),  136:65  (1957) 

Oooofort.  F.  T.,  Mow,  I.  F.,  Borgotroo,  I.  W.,  CurtM 
lofroood  Agiag  Moiotooco  of  lubbor  fuleoalsotoo;  lubbor  World 

(Mor.  AFril,  1937) 

HloMr,  1.  0.,  Croooloy,  I.  1.*  lotuMl  Aglog  of  locU^d  lubbor; 
lod.  loo.  Cho«..  34:1367  (1942) 


Fotrlkooo,  0.  A.,  CorroUtioo  BoMoa  tbo 

ftrotebod  lubboro  and  tholr  Btroeturo;  Ibur.  Flo.  Ibi4«»  39tZ(wi 
(1959) 

Potrujoro,  A.,  loooro.  V.,  tbo  loUof  the  Coapooltloo  of  lubbor 
gcoeko  U  tho  Biological  Broakdouo  of  Curod  lubbor  Artlcloo; 
lauchiA  l.lotlaoi  19x16  (1960) 

Fbllpott.  H.,  Dow  Natbodfl  of  Iroaorvlog  lubbor  Utox,  Auotral^ 
Plootlca  and  lubbor  J.  14  (159)  14-16  (1958) 

fhooolx  GMdoorkd  Alt. -Goo.,  lubbor  of  loproood  Aging  looloUnco; 
Oor.  1,023,580  (Jon,  30,  1958) 

Synthotle  loolno  Agalnot  Aglngi  1*034,700  (Apr.  9,  1959) 

PlanUtlooo  doo  torroo  rodgoo,  Proooroatlon  of  Lotox;  Fr.  1,177,179 
(Apr.  21,  1959) 

Probor,  Noorleo,  Anldo  -  SUbilUod  ElaotoMrlc  Orgaoopolyolloxanaa , 
0.  8.  2,H5,838  (July  19,  I960) 
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l•latert•  r.  «.»  DtgndAtioA  of  Fliotlca;  Hot.  Bur.  fu«d»r4t  U.  I. 
Clre. 

iMalkoYrtii,  N. ,  ot  *1  (Bel.  iMMrek  iMt.  Tiro  ta4.  Mofeow)  Bffoct 
of  cBt  Co^alUoa  of  o  tebter  oo  lu  fatlfM  ProportlOo»  Bollolii 
10  3M  (19S8) 

losalkofokll,  K. ,  ot  ol  (LMi«|r»d»  OotudoroK*  ■ouek-Tokh,  lodotol 
Lit.)  Hothodo  to  tho  Btudj  of  Dunbilltp  of  fuleoalood  BuBbor 
Oodor  Itrooooo  VorTlag  vlth  tlao.  Iteroalo  Ot^o»l^  Koucbiikoo  j 

•tolkoitl  loboroik  193S  76*88  Bofordt. 


tr.  lo. 


>v.n 


rarer 


loulkovoklit  M..  PrUo,  U,  «imI  Iliro^»  H.,  Ibo  Cooooetloo  Botvooo 
Potifoo  Boolouoeo,  Stro^tb  iToeoroolo  and  Choaleal  Btablllky  of 
Bubboro,  tolloid  Ibor  21  4SS  <1959) 

ItbbOTTtHI.  B.,  ood  Bain^,  L.,  of  BUbtOMto  aod  Moods  of 
laprovlDg  Xtk  Ihla.  Bsuko  1  Froji  2.  35  (1959) 

BcodUd.  J.,  sad  VoUoo,  «.  (BiAtlob  Babbor  Frodueors  loo.  Aoooe., 
Vol«FB  OordooCitF,  lagl.)  tmtorproutioo  of  Btroso-BoloxotioD 
MoMuroMits  Modo  so  Babbor  Oarlig  Agios*  Troao.  forodoi  Boe.  54 
740  (195B) 

Bokhdr,  B.  C.,  Oogrodotioo  ood  Crooo-LiOkiog  of  FolylsoFroao  la 
lovoo  BcaolUoosio  UUx  Dariag  Firoeosoiag  oad  Btorago;  Moobday^ 

...  .  - ^  loktslja  5t252  (1940) 


Bha«t  B.  F.,  Adoas,  B.  t.,  ■oadostractloo  Aglag  Tooto  for  Babbor; 
Aaol.  Cboa..  2311649  (1951) 

BbolCoa,  J.  B-,  Oaygoa-AbforFtloa  Nothbds.  Ibolr  Otaifcy  oad  Ua- 
iUtloos  la  Cbo  Btadj  of  Aglag;  ABU  BFocIoI  Tochaicol  I^bllcOtloa 
lo.  B9  (1949) 

Bloalasbllf  G.*  oc  ol  (Loaiagrodj  Oooudorot.  Boaeb.  Tokb.  Xsdotol, 
Iblau  Ut.)  Ibd  Moehoaloa  of  Babbor  Pdtlguo,  BUi^o  i 


'rnn¥^ 


dr 


in- 


PTIS!-: 


ItoTOBS,  I.  F.  I  Fbotdwlc^sotloa  -  A  Itudj  of  tbO  Frodoeta:  of  tbo 
AetloB  of  Llgbt  OB  Babbor  Oador  Coadltloao  FroOlad^  of  Bootricclag 
Oaldotloo  Dogradocioa;  Xadlo  Babbor  3.,  JAa. »  1945 

Bocfla  Co.  ltd.,  Frosoraotloa  of  Botarml  Babbor  Utox;  Brit.  B56, 

055  (Doc.  14,  1960) 

TbolU,  J.  H.,  Doris,  A.  B.,  Aatloxldoat  -  AatloooaofiC  ActlTltloo; 
Babbor  Aao.  86:81  (1959) 
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IfcrodaM,  M.  C. ,  Aglag  of  lUotoaorf ,  Coap«riM«  of  Croo^  Vitk  toM 
CoBvntlOMl  Aflat  Notkodo;  tad,  lag,  Ch—.»  40:2190  (1949) 

Tkai,  A.,  Md  lallo,  f.  (Tack,  lockackulo,  BralioUai,  Caoek.) 
CarroUtioaa  lotMoa  tho  OaftM  of  CroM«Liaklag  aad  tko  Dofn^akloo 
of  Utaral  Bukkor,  J.  Folfor  8cl.  21  291  (1959) 

Oaltod  BUtM  lakbor  Co.,  Polyuirathta  Foaao;  Cor.  1,040,790  (OcC.  9,  1959) 

Uald,  Hllkar  J. ,  Ago  Boolttora  for  Li|kt*Colorod  lubkor  ProdueU;  U.  8. 
2,952,492  (goge.  13,  1960) 

Vokk,  rradoriek  J.,  foaditcolorlog  Ago  looUtoro;  0.  S.  2,905,737 
(OtfC.  22,  1959) 

Horkoaekla,  1.  Z.,  Rlehordooa,  B.,  Thonltg,  R.  R.,  Horrlt,  R.  I., 

U.gkk  oad  AeeoUrotod  LlgkC  Agiag  of  Eabbor,  Sjatkotic  Rubbor;  oad 
Rttbbor  Bukseitutoo;  Rubbor  Aao.  Bov.,  1941 

tforkoatkla,  T.  A.,  Rlehordooa,  D.,  Thoralog,  R.  R. ,  Morria  R.  B. , 

Bqulpaoae  for  Aceolontod  Light  Agl^  of  Rubber  oad  Mothodo  of 
ifoluotloa  of  Ultra  Violet  Light  oad  Suall^t;  Indio  Rubber  World 
Dec.,  1941  .  •  ■  •  ■  ^  ^ 

Touaoao,  R.  A. ,  Nooooen,  0.  C. ,  Correlation  of  Rooa  iMperature. 

Bkelf  4giag  aith  Aceeleroted  A^g;  lad.  Rng,'  ^ea..  47:1497  (1955) 

Zuev,  Ik.  8.,  The  Light-Pro toctiae  Action  of  Som  Saltocf  Dlalky- 
Idit^o  oorkaaie  Aeido  la  Rubkera;  Trudy  Rauch.  -  Xoaledotatel 
laot.  ReaU.  Proa..  :  16  (I960) 

Aaoayaouo,  ike  Chaaleal  Prokloa  of  Rubber  Degradotion^  Bo  Official 
Pukllcatloo. 

Aaoapaooa,  Ordinance  Corpa  Prograa  to.  Present  The  Deterioration  of 
Blaatonara;  Lab.  Rapt.  53-3307  Aug;,  1953 


MISOELLAIffiOIB  31BLI00HAPHY 


173 


JUMrlota  Herd  Rubber,  ACT 

(1953) 


Seeoh,  £•  C*,  Conper,  L.  P.,  I*owory.  V.  E.,.  Leboratory 
eijBf  Proport  lee  of  T«o  Syntbotlo  Poi-yoero)  Rubber  _A^, 

(1959) 

Beunn,  fi.  Go,  (B,  P,  Goodrich  Center,  Breokevllle,  Ohio), 

TV. _ _  a..  r  TiMMva  Ca4  ^  ' 


neuna.  n.  Ue,  VCo  JS.  woaxion  ueni.er, 

Radlction  Cunig*  to  Slaotoacr!:  J.  AotI.  Polnwr  Sot. ;  I*??®- 

(1959) 

.  t 

BffUBea,  Richard  G, ,  and  Born,  Jo  W. ,  {B*  ?.  Goodrich  Reoearoh 
Center,  Breckaville,  Ohio),  MephanlBB  pf  Radlatioh  Benage  to 
E^toaere  I.  Chain  Scieelon  and  Anti-Redlation  Aoglimt  J. 
Appl,  Polraer  Science.  1*139  <1959). 

Berrer,  Ho  M.,  Diffupion  et  Solution  Dana  <hielquea  JPplyne^l. 
J.  Chea.  Hiye,.  139  <1958) 


Bortener,  -Go  Mo,  and  Zaltaero,  V«.  Bo,  Mechanical  Vitriflpe- 
tloa  the  Act  ivet  loin  Enery  of  Rubber^^ijilcp  Polyaere,  Yyeo*  , 
koaolekulyetgye  Soedinenier.  Itl309  (1959). 

Blondi,  «.  Ao,  Pox,  R.  So,  Disoobiatiy#  Attoclnaent  of  Elw^  ’ 
ivtm  m  Iodine,  III.  DlBouiBioni  Piy.  Rey.^  109 *ppl2  U95S) 

BQfwlcvshUa  Bo  Bo,  et  al,  The  Uoe  pfiHuolear  Redlatione  for 
the  Eetiaatlch  of  Hoaoeoneity  of  Ritbber  CoiopBotianBi 

i  Reelna,  17, 12, 2k  (1957) 
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